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doi:10.1016/j.ejvs.2010.05.010Abstract Objectives: This study presents a review of studies reporting on quality of care in
vascular surgery. The aim of this study was to provide insight in quality improvement initiatives
in vascular surgery.
Design: Original data were collected from MEDLINE and EMBASE databases. Inclusion criteria
were: description of one of the three factors of quality of care, e.g. process, outcome or struc-
ture and prospectively described. All articles identified were ascribed to a domain of quality of
care.
Results: 57 prospective articles were included, drawn from 859 eligible reports. Structure as
an indicator of quality of care was described in 19 reports, process in 7 reports and outcome
in 31 reports. Most studies based on structural measures considered the introduction of a clin-
ical pathway or a registration system. Reports based on process measures showed promising
results. Outcome as clinical indicator mainly focussed on identifying risk factors for morbidity,
mortality or failure of treatment.
Conclusions: Structure and process indicators are evaluated scarcely in vascular surgery. Many
studies in vascular surgery have been focussed on outcomes as indicator of quality of care, but
a shift towards process measures should be considered as focus of attention in the future.
ª 2010 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.Safety and quality have always been decisive factors in
surgical care. In modern surgical care, various prominent
criteria have been postulated to evaluate patient safety15269111.
(A.J. Ploeg).
ty for Vascular Surgery. Publisheand the quality of medical care provided. Currently,
surgeons and hospitals are more frequently requested to
provide information concerning the quality of care
provided. Quality improvement programmes have success-
fully been implemented in thoracic surgery, resulting in
decreased morbidity and mortality rates.1e3d by Elsevier Ltd. All rights reserved.
Figure 2 Search for Embase.
Assessing Quality of Care; by Which Parameter? 697Assessment of quality of care can be divided into three
components: structure, process and outcome. There
remains considerable debate regarding which measures
should be used to reflect surgical quality.4 Structural
measures include a wide list of variables reflecting the
setting or system in which care is delivered. For example,
volume can be put forward as a structural measure as
a surrogate for surgical care.5 Process variables describe
care that patients actually receive. Many processes of care
are strongly associated with improved patient outcomes.
Examples include strict post-operative glycaemic control
and accurate administration of perioperative antibiotics.
Direct outcome measurements are particularly appealing to
evaluate the surgical quality of care, as they directly
represent quintessence of surgical care. Morbidity,
mortality or re-operation rates represent direct outcome
measurements. Moreover, registration of adverse events
alone may improve outcomes.6 The National Surgical
Quality Improvement Program (NSQIP) introduced in
Veteran Affairs (VA) hospitals has been a successful
example of quality improvement in general surgery.7,8
In comparison with general surgical procedures, vascular
operations are associated with higher morbidity and
mortality rates. Patients undergoing revascularisation
procedures frequently suffer from extensive forms of
generalised atherosclerosis and are at risk to develop
cardiovascular events. For this reason, it is of particular
interest to reduce adverse events and to improve the
quality of care in this section of surgery.
The aim of this study was to provide insight into quality
improvement initiatives in vascular surgery. To present
a comprehensible review of these studies, each identified
report was subsequently ascribed to one of three compo-
nents of quality of care, for example, structure, process or
outcome. The secondary goal of our study was to assess the
value of each of these three parameters regarding vascular
surgery.
Methods
Literature search
The databases of Medical Literature Analysis and Retrieval
System Online (MEDLINE) and Excerpta Medica Database
(EMBASE) were searched up to July 2008. The following
string search was used for MEDLINE as shown in Fig. 1. For
EMBASE (EMBASE 1980 to date), the following string search
was used as shown in Fig. 2.Figure 1 Search for Medline.Selection of articles
All titles and abstracts of the selected articles were read by
two independent reviewers. Inclusion criteria were: (a)
description one of the three factors of quality of care, for
example, process, outcome or structure and (b) prospec-
tively described.
Full-text versions were obtained of all articles that
matched the inclusion criteria and were subsequently read
by two independent reviewers.
Excluded were all articles (a) which did not present
vascular surgery, (b) where patients less than 18 years and
(c)language other than English. For each study, author,
subject, year of publication, mortality, morbidity and
main outcome were noted. All articles were subsequently
ascribed to one of the three components of quality of
care, for example structure, process or outcome in order
to provide insight into the value of each of the three
components in assessing quality of care in vascular
surgery.
Results
The search strategy identified 859 eligible reports. A total
of 544 reports were not included for describing surgery
other than vascular surgery and/or a different language
other than English. A total of 258 reports were not
prospectively described studies. Finally, 57 articles were
included, divided in process, outcome or structure. Table 1
provides a summary of all the studies included.
Structure
Structure, as an indicator of quality of care, is described in
19 reports.7,9e26 Details are described in Table 2. Five of
the 19 studies on structure were based on NSQIP
Data.7,21,27,28 NSQIP studies use observed to expected (O/E)
ratios for morbidity and mortality for quality improvement.
In the Patient Safety in Surgery Study (PSS), methodology of
the NSQIP study was applied successfully to private sector
hospitals.13 Hutter and Johnson demonstrated a lower
incidence of post-operative morbidity in VA hospitals after
vascular operations.11,12
A successful introduction of a clinical pathway is shown
in four studies.9,19,20,22 Significant reduction in costs could
be demonstrated in all studies, mainly based on the
reduced length of stay, and recommendations for change in
treatment could be made.
The introduction of a vascular access quality pro-
gramme improved vascular access care; furthermore, the
Table 1 Main issues and outcomes of studies included.
Main issue N Main outcome Reference
Process
Carotid endarterectomy 1417 Routine shunting is cost saving, selective angiography
accepted, routine monitoring 60% decrease in
operative risk
29,34,35
Restricting working hours 1546 Restricting work hours did not compromise surgical
quality
32,33
Introduction vascular registry 6143 Improved preoperative medication usage 31
Cardiac risk assessment 630 Resulted in decreasing perioperative myocardial
infarction
30
Structure
Introduction and use of NSQIP 13 725 A significant reduction in post-operative adverse
events and selective use of regional anesthetic
reduced post-operative morbidity
7,21
Patient Safety in Surgery 39 225 Lower incidence of morbidity in VA patients 3,12,13
Vascular access study 172 Conducting audit led to improvement in outcomes 10,23,26
Introduction of clinical pathways 458 Resulted in decrease of hospital stay and costs 9,20,22
Mortality scoring system 1368 Causes of death could usually be identified without
autopsy, autopsy essential for registration
complications
14,24
Introduction of audit on CEA 333 Reduction of in-hospital stay and improvement in
indication of operation
16,22
Development of predictive model
regarding adverse events
25 594 Resulted in accurate prediction scores 17,18
Centralization in treatment of
ruptured abdominal aortic
aneurysm
626 Positive effect on survival 15
Outcome
Endovascular aneurysm repair 7929 Acceptable morbidity and mortality after EVAR in
patients with appropriate size of aneurysm, specific
anatomic features predict clinical difficulties
27,43e45,51,54,55
Outcomes of carotid
endarterectomy
27 338 Low mortality comparable to international
benchmarks, except for 1 study. Prospective outcome
assessment essential to reconcile operation
indications and outcome improvement
39,42,46,47,49,50,52,56,57,60
Diabetes as risk factor 17 300 Increased morbidity, mortality increased in 1 study 37,38,64
Infrainguinal bypass surgery 18 647 Major post-operative events are serious in claudicants
and a limited life expectancy should be taken into
account
28,48,53
Abdominal aortic risk surgery 8022 Mortality increased in the presence of commonly
known risk factors
32,40,63
Vascular trauma 549 In older patients iatrogenic trauma plays a major role 62
Vascular surgical audit 6842 More patients were operated on for critical ischaemia
instead of moderate ischaemia after the audit
41
Graft infection 1066 MRSA most common culture in complex graft
infections, prosthetic infection after CEA is rare
58,59
698 A.J. Ploeg et al.authors stated that it is of vital essence to have a stand-
ardised database system to collect prospective data.23
Introduction of a mortalityscoring system led to
a detailed insight and formed a base for further quality
improvement.14,24 A prospective audit was undertaken in
three studies.10,25,26 Wong et al. demonstrated an
improvement in performance and indication around
carotid endarterectomy.25 In this study, only one report
was included concerning volume. This report showed that
centralisation of emergency vascular services led to
a positive impact on survival.15Process
Table 3 shows details of all seven reports concerning
process.29e35 Process, as an indicator of quality of care, is
least described with only seven studies included. Remark-
ably, in this group, four studies were conducted in order to
show that adjustment of daily practice did not compromise
quality of care, mainly in teaching hospitals.29,33,34,36 A 60%
decrease in operative risk could be achieved by introducing
a programme of perioperative monitoring for patients
undergoing carotid surgery.35
Table 2 Structure as indicator of quality of care.
Subject Year of
publication
Number
procedures
Main outcome
Choi et al.9 Introduction of clinical pathways
in infrainguinal reconstruction
2000 399 Length of stay decreased from
14.3 to 9.2 days
Freeman et al.10 A prospective audit of surgery
carried out to establish and
maintain dialysis access
2008 172 Conducting an audit of surgical
practice contributed to an
improvement in outcomes for
dialysis-dependant patients
Johnson et al.12 Comparison of morbidity and
mortality in VA hospitals and
university hospitals of vascular
operations in women
2007 3993 Women in private sector hospitals
had higher incidence of
comorbidities. Lower incidence of
post-operative morbidity in VA
patients
Hutter et al.11 Comparison of morbidity and
mortality in VA hospitals and
university hospitals of vascular
operations in men
2007 35 233 Lower incidence of post-operative
morbidity in VA patients
Khuri et al.13 Patient Safety in Surgery Study,
comparison of morbidity and
mortality post-operative between
VA hospitals and private sector
2007 39 225 Successful implementation of
National surgical Quality
Improvement Program
methodology
Klinkert et al.14 Implementation of a
mortalityscoring system
2004 1022 Causes of death and the
shortcomings in medical care
could usually be identified without
the help of autopsy data
Laukontaus et al.15 Centralization in treatment of
ruptured abdominal aortic
aneurysm
2007 626 Centralization of emergency
vascular services with availability
of closed-unit post-operative
critical care to achieve better
results as these measures were
associated with a positive impact
on survival
McCollum et al.16 Introduction of vascular database 1990 Not
described
Improvement of communication
with general practitioner
Neumayer et al.17 Development of a predictive
model of surgical site infection
2007 25 424 Development of an accurate
prediction score for surgical site
infection
Pomposelli et al.18 Surgical complication outcome
(SCOUT) score: A new method to
evaluate quality of care in
vascular surgery
1997 170 The SCOUT score allows the
surgeon to identify problem areas
that can then be targeted for
improvement to positively affect
outcome.
Rowell et al.7 Use of National Surgical Quality
Improvement Program (NSQIP)
Data as a Catalyst for Quality
Improvement
2007 103 A significant reduction in post-
operative adverse events
Sandison et al.19 Cost-effective carotid
endarterectomy
2000 333 In-hospital stay has been reduced
and the routine use of intensive
care replaced by a 2-h stay in
theatre recovery.
Schneider et al.20 Introduction of a critical pathway
for carotid endarterectomy
1997 Not
described
CP resulted in a 0.5-day decrease
in-hospital stay overall
Stoner et al.21 Use of NSQIP to identify high-risk
patients and improve results
2006 13 622 Use of regional anesthetic
significantly reduced
perioperative complications
Sweeney et al.22 A review of the use of previously
described integrated care
pathways
2002 59 The use of care pathways leads to
reduction in costs and hospital
stay
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Table 2 (continued )
Subject
Year of
publication
Number
procedures Main outcome
Van Loon.23 Implementation of a vascular
access quality programme
2007 2300 A vascular access QIP resulted in
placement of more autogenous
AVFs, increased number of PTAs
and surgical interventions
Vrancken Peeters
et al.24
Introduction of a mortalityscoring
system in patients undergoing
abdominal aortic surgery
346 Autopsy reports are essential for
accurately estimating
complication rates
Wong et al.25 The influence of a prospective
audit and educational campaign
on the performance of CEA
1999 184 Prospective surveillance of CEA
reduced the number of
inappropriate operations
Young26 Hemodialysis vascular access
preferences and outcomes in the
Dialysis Outcomes and Practice
Patterns Study (DOPPS)
2002 Not
described
No evidence was found that graft
outcomes are superior in facilities
that prefer grafts to fistulae.
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Themajority of studies in this review concern outcome as an
indicator of quality of care: A total of 31 out of 5727,28,37e64
details are described in Table 4. These 31 studies describe
different subjects from different perspectives. Main issues
are endovascular aneurysm repair (EVAR), carotid endar-
terectomy and peripheral-arterialbypass surgery. Not
surprising is EVAR, as a relatively new technique in this era,Table 3 Process as indicator of quality of care.
Subject Yea
pub
Bastounis et al.29 Routine use of shunting in carotid
endarterectomy
200
Cronenwett et al31 Introduction of regional registry for
vascular procedures
200
Bunt et al.30 The role of a defined protocol for
cardiac risk assessment in decreasing
perioperative myocardial infarction
199
Evans et al.32 Effect of reducing working hours on
the outcome following AAA repair
199
Kaafarani et al.33 Impact of restricting surgical resident
work hours on post-operative
outcomes
200
Loftus et al.34 To evaluate a policy of adopting
routine duplex instead of angiography
in CEA
199
Naylor et al.35 Reducing the risk of carotid surgery: A
7-year audit of the role of monitoring
and quality control assessment
200and a frequently described subject in seven stud-
ies.27,43e45,51,54,55 These studies showed that short-term
results reported, varied from good-to-excellent in high-risk
patients. Carotid endarterectomy in 11 studies reflects the
more recent change in approach of patients with carotid
artery stenosis.39,42,46,47,49,50,52,56,57,60 Carotid endarterec-
tomy was performed at acceptable rates of post-operative
morbidity and mortality. Diabetes was identified as a peri-
operative risk factor in three studies.37,38,64 A lowerr of
lication
Number
procedures
Main outcome
1 423 The routine use of shunting resulted
in cost saving
7 6143 Improved preoperative medication
usage
2 630 Preoperative cardiac assessment
combined with aggressive
perioperative management could
indeed reduce perioperative
myocardial infarction rates
9 1136 Supervised trainees can perform an
increasing proportion of AAA surgery
without increasing operative
mortality
5 410 Restricted resident work hour
schedule did not significantly affect
post-operative outcomes
8 494 A policy of selective angiography does
not compromise patient safety or
operability
0 500 A program of monitoring and quality
control assessment has been
associated with a 60% decrease in the
operative risk in comparison with that
observed before implementation of
the protocol
Table 4 Outcome as indicator of quality of care.
Subject Year of
publication
Number
procedures
Main outcome
AhChong, A.K.37 Diabetes and the outcome of
infrainguinal bypass for critical
limb ischaemia
2004 265 Diabetes mellitus adversely affects hospital
mortality and long-term survival. Graft
patency and limb-salvage are not
compromised by the presence of DM
Axelrod, D.A.38 Perioperative cardiovascular
risk stratification of patients
with diabetes who undergo
elective major vascular surgery
2002 16 035 After controlling for specific comorbid
conditions, the only independent
association was between patients with
insulin treatment and the risk of
cardiovascular complications
Axelrod, D.A.39 Risk for stroke after elective
noncarotid vascular surgery
2004 19 475 Stroke after noncarotid peripheral vascular
surgery is uncommon, but results in
markedly increased mortality and length of
stay. Stroke risk is most strongly associated
with previous stroke history and greater
degree of illness.
Bayly, P.J.M.40 In-hospital mortality from
abdominal aortic surgery in
Great Britain and Ireland
2001 933 Mortality rate increased considerably when
commonly encountered risk factors were
present.
Bergqvist, D.41 Vascular surgical audit during a
5-year period
1994 6842 Decision making among vascular surgeons in
Sweden appears to have improved as
proportionally fewer patients are operated
on for acute ischaemia, more for critical
ischaemia with possibly an improved
outcome.
Bond R. et al.42 Clinical and radiographic risk
factors for operative stroke and
death in the European Carotid
Surgery Trial
2002 1729 Several baseline patient characteristics
predict surgical risk and it may be possible
to use these characteristics to aid patient
selection and surgical audit.
Boult, M.43 Australian audit for the
endoluminal repair of
abdominal aortic aneurysm:
The first 12 months
2002 830 Good compliance has been obtained from
vascular surgeons for submission of the
operative data sets.
Boult, M.44 Endoluminal repair of
abdominal aortic aneurysm e
Contemporary Australian
experience
2004 950 Mortality rates are low, given the elderly
population in question and morbidity rates
acceptable.
Boult, M.45 Predictors of success following
endovascular aneurysm repair:
Mid-term results
2006 961 Predictors of clinical failure or need for re-
intervention include large aneurysm size,
neck angulation 45 and short infrarenal
neck.
Burns, R.J.46 South Australian carotid
endarterectomy study
1991 239 Carotid endarterectomy did not diminish
the expected stroke and death incidence
after one year.
Bush, R.L. et al.27 Performance of endovascular
aortic aneurysm repair in high-
risk patients: Results from the
Veterans Affairs National
Surgical Quality Improvement
Program
2007 2368 In veterans deemed high-risk for surgical
therapy, outcomes after elective EVAR are
excellent, and the procedure is relatively
safe in this special patient population.
Davies, M.J.47 Carotid endarterectomy under
cervical plexus block e A
prospective clinical audit
1990 128 Carotid endarterectomy under superficial
and deep cervical plexus blocks was
associated with a high patient acceptance,
low neurological complication rate and an
acceptable rate of cardiovascular
complications.
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Table 4 (continued )
Subject
Year of
publication
Number
procedures Main outcome
Dawson, I.48 Vascular morbidity and
mortality during long-term
follow-up in claudicants
selected for peripheral bypass
surgery
1998 155 Major vascular events and additional
interventions are common and serious in
claudicants.
Debing, E.49 Does the Type, Number or
Combinations of Traditional
Cardiovascular Risk Factors
Affect Early Outcome After
Carotid Endarterectomy?
2006 1002 Traditional cardiovascular risk factors
significantly affect the 30-day stroke and
death rate after carotid endarterectomy.
Evans, S. et al.32 The influence of gender on
outcome after ruptured
abdominal aortic aneurysm
2000 692 Gender has no influence on either short-
term or long-term outcome for patients
undergoing operative repair of RAAA.
Frawley, J.E.
et al.50
Risk factors for perioperative
stroke complicating carotid
endarterectomy: Selective
analysis of a prospective audit
of 1000 consecutive operations
2000 1000 Prospective audit is a useful tool for
identifying causes of perioperative stroke
and indicating the need for modifications to
surgical clinical management which might
improve outcomes for carotid
endarterectomy.
Golledge, J.51 The outcome of endovascular
repair of small abdominal
aortic aneurysms
2007 478 At present, widespread treatment of small
AAAs by EVAR would appear inappropriate.
Hertzer, N.R.52 Early outcome assessment for
2228 consecutive carotid
endarterectomy procedures:
The cleveland clinic experience
from 1989 to 1995
1997 2228 Prospective outcome assessment is essential
to reconcile the indications for CEA with its
actual results, and it may lead incidentally
to important observations concerning
patient care.
Holdsworth, R.J.53 Results and resource
implications of treating end-
stage limb ischaemia
1997 275 An acceptable limb-salvage rate can be
achieved although there is a high initial
mortality. In view of the poor overall
survival any benefits for these patients
should be viewed as relatively short-term
objectives
Hua, H.T.54 Early outcomes of endovascular
versus open abdominal aortic
aneurysm repair in the National
Surgical Quality Improvement
Program-Private Sector (NSQIP-
PS)
2005 1042 Significant morbidity accompanies AAA
repair, even at major academic medical
centers. These data strongly endorse EVAR
as the preferred approach in the presence
of significant cardiopulmonary or renal
comorbidities, or poor preoperative
functional status.
Johnson, M.L.55 Propensity score analysis in
observational studies:
outcomes after abdominal
aortic aneurysm repair
2006 3091 Patients who underwent elective EVAR had
substantially lower perioperative mortality
and morbidity rates compared with patients
having open repair
McCollum, P.T.56 Carotid endarterectomy in the
U.K. and Ireland: Audit of 30-
day outcome
1997 709 Members of the Vascular Society of G.B. and
Ireland have a very low morbidity/mortality
rate for performing carotid surgery.
Middleton, S.57 Outcomes of carotid
endarterectomy: How does the
Australian state of New South
Wales compare with
international benchmarks?
2002 689 30-day outcomes comparable with
international benchmarks
Naylor, A.R.58 A prospective audit of complex
wound and graft infections in
Great Britain and Ireland: The
emergence of MRSA
2001 75 wound
infections,
55 graft
infections
MRSA was the commonest single organism
cultured in patients with complex wound
and graft infections after vascular surgery.
(continued on next page)
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Table 4 (continued)
Subject
Year of
publication
Number
procedures Main outcome
Naylor, A.R.59 Prosthetic patch infection after
carotid endarterectomy
2002 936 Prosthetic patch infection after CEA is rare.
This study emphasises the importance of
close surveillance of early wound
complications.
O’Hare28 Impact of renal insufficiency on
short-term morbidity and
mortality after lower extremity
revascularization: Data from
the Department of Veterans
Affairs’ National Surgical
Quality Improvement Program
2003 18 217 Efforts to improve pre-and post-operative
care in patients with renal insufficiency
undergoing lower extremity
revascularization should take into account
the increased incidence of post-operative
death and cardiopulmonary complications
in this group in addition to more traditional
concerns about operative site complications
Oliver, S.E.60 A regional collaborative audit
of the practice and outcome of
carotid endarterectomy in the
United Kingdom
2000 139 In the study area CEA was performed
predominantly on high-risk patients with
low subsequent surgical mortality.
Taylor, S.M.61 The pitfalls of establishing a
statewide vascular registry:
The South Carolina experience
1997 652 Excellent outcomes after carotid
endarterectomy are not limited to a few
select centers and can be accomplished by
adequately trained surgeons in a variety of
institutional settings.
Thomson, I.A.62 Vascular trauma in New
Zealand: An 11-year review of
NZVASC, the New Zealand
Society of Vascular Surgeons’
audit database
2004 549 While programmes to slow down and sober
up road users help reduce injuries in the
younger age groups, it lies in the hands of
our own profession to reduce the iatrogenic
injuries in the older patients.
Vemuri, C.63 Effect of increasing patient age
on complication rates following
intact abdominal aortic
aneurysm repair in the United
States
1994 6397 Quality improvement efforts must focus on
minimizing complication rates in elderly
patients undergoing common vascular
surgical procedures including AAA repair.
Virkkunen64 Diabetes as an independent risk
factor for early post-operative
complications in critical limb
ischaemia
2004 5709 Diabetes was not an independent risk factor
for early post-operative mortality in CLI as
there was an increased morbidity in
diabetics associated with old age, male
gender, known coronary artery disease, and
renal insufficiency, as well as urgent
surgery.
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studies28,48,53 and abdominal aortic aneurysm repair in three
studies.32,40,63 Outcome as the clinical indicator mainly
focussed on identifying risk factors for morbidity, mortality
or failure of treatment, based on reported numbers for
morbidity and/or mortality.Discussion
The need for hospitals and surgeons to present their quality
of care provided is stronger than ever. Not only patients, but
also other health care providers and payers in public and
private sectors currently demand openness of data. Effec-
tive measurement of quality of care is of great importance;
however, prior to be able to improve quality of care, onefirst has to decide how to measure quality of care. Indicators
for performance and outcome measurement allow the
quality of care and services to be measured. They provide
a quantitative basis for clinicians, organisations and plan-
ners aiming to achieve improvement in care and the process
by which patient care is provided.65 A natural starting place
could be the Donabedian paradigm of structure, process and
outcomes in order to assess quality of care.4,66
Vascular surgery differs from general surgery for
a number of reasons. First of all, patients frequently suffer
from extensive forms of generalised atherosclerosis with
subsequent coronary sclerosis and increased risk of
cardiovascular post-operative adverse events. Second,
a range of therapeutic options are available: open versus
endovascular versus conservative treatment. The contin-
uous search for improving quality of care combined with
704 A.J. Ploeg et al.these specific features of vascular surgery make it of
special interest to investigate, which quality initiatives
have been deployed so far, the quantum of success of these
initiatives and recommendations to be made for the future.
Structure as indicator of quality of care in vascular
surgery
Structure represents the system in which care for a patient
is delivered. For example, the physical resources of the
hospital, the staff expertise and the (logistical) organisa-
tion. Introduction of a clinical pathway is a successful
example of a structural measure.9,19,20,22 Hospital or
surgeon volume is the most well-known structural param-
eter. However, reports on hospital volume are criticised for
not using prospective collected administrative data as
a base for evidence.67 An advantage of the use of structure
is the fact that this parameter is easy to measure such as
hospital volume.
There are also disadvantages of the use of structure as
a parameter. Most structural measures can only be assessed
in observational studies, as was demonstrated in the
vascular access studies.10,23 Furthermore, the outcome of
structural measures reflects the result of variables and not
for a single variable. Therefore, it is difficult to point out
the origin of improvement after structural measures have
been implemented. In this review, 33.3% of all studies used
structural measures to accomplish improvement in quality
of care. Each report showed a favourable result, although
not always with a statistically significant effect. This
demonstrates the difficulty of using structural measures to
improve quality of care, as the exact focus of structural
measures is complex.
Since optimisation of structural parameters, such as
beneficial effects of increased hospital volume or presence
of 24-h vascular surgical service, is associated with
improved outcomes in the complex vascular patient, it
seems worthwhile to further investigate structural param-
eters in order to influence care of the patient.
Process as indicator of quality of care in vascular
surgery
This study showed theuseof aprocess indicator in 12.3%of all
studies. First, processes of care measures are appealing to
use because they represent the care that patients actually
receive: for example, the routine use of shunting in carotid
endarterectomy. Second, process measures are more
immediately actionable than outcome measures, as was
demonstrated by Cronenwett et al. who focussed on process
improvement (e.g., the optimal preoperative medication
use).8,31 Third, process measures can be applied by all indi-
vidual hospitals. Many processes of care are strongly associ-
ated with improved patient outcomes. It is suggested that
process measures may be better applied in general medicine
than in surgery, because process is easier to define in general
medicine and cardiology patients.67 Process measures are
perhaps the right measures to use to improve quality of care
in vascular patients, because of the category of patients,
who are high-risk patients with more concomitant diseases.In this category of patients, proper treatment of these
diseases, such as diabetes and secondary prevention of
cardiovascular diseases, is of utmost importance. This
strongly suggests that there is room for improvement in the
care for these patients and strengthens the potential of
process measures on improving quality of care.
Outcome as indicator of quality of care in vascular
surgery
Outcome, as a clinical indicator, was most commonly used
in the past decades and already was demonstrated for
general surgery that registration of complications provides
detailed insight into post-operative adverse events and
care delivered to the patient.4,68 For cardiac surgery,
measurement of direct outcomes has led to improvement in
surgical outcomes, and this has formed the base for the
start of all NSQIP studies focussed on general and vascular
surgery.4 However, the type of procedure performed and
the case-mix are directly related to morbidity, mortality
and excess hospital days.69
Outcome, as an indicator of quality of care, is
particularly interesting for surgical procedures because it
represents the bottom line of surgery, as stated earlier.
This is represented in our study, whereas the majority of
studies concerned quality of care. One of the key issues
of reporting on outcomes is to identify risk factors, which
could lead to improvement in quality of care. The main
patient-related risk factors identified in our study are
diabetes and renal insufficiency in vascular patients and
this could be a starting point for improvement of quality
of care. Identification of risk factors of clinical failure of
EVAR or risk factors for stroke or death in the European
carotid surgery trial (ESCT) trial forms an example of the
use of an outcome measure to improve the quality of
care.42,45
However, patient selection, decision making and care
provided are directly related to clinical outcomes.31
Outcomes are a function of patient characteristics (risk
factors), type of surgery performed, quality (surgeon and
hospital factors) and chance (random variation).67 Another
disadvantage could include sample size. Sample sizes are
frequently too small in individual hospitals to assess quality
of care; for example, zero mortality in low-volume hospi-
tals does not represent perfect care.67,70
Moving from outcome towards process and
structural measures
A direct link between structural, outcome and process
measures exists. To improve quality of care using process
measures, one first has to evaluate outcomes in order to
define the best practical care. After the introduction of
a process measure, outcome evaluation is essential to
demonstrate a potential favourable effect. For vascular
surgery, only few authors have described processes of care
and surgical process measures are in short supply8 as was
supported by this report. Although not many studies have
been performed using process and structure measures as
a tool for improving quality of care in vascular patients,
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with peripheral arterial disease suffer from extensive
atherosclerosis affecting all vascular beds, surgical treat-
ment should not focus on the specific target site only. The
complex nature of this disease entity, with multiple
contributing factors such as hypertension, hyper-
cholesterolaemia, smoking and related factors as
concomitant cardiac and cerebrovascular disease, dictates
a multidisciplinary approach of this specific patient pop-
ulation. Therefore, structural and procedural measures
aimed at optimisation of all these factors, are likely to
improve provided care should be the focus of quality
improvement.
Limitations of the study
In this study, prospective reports written in English,
assessing quality of care, were included. As a result, some
studies (retrospective, non-English) were disregarded.
Studies were ascribed to structural, outcome or process
measures, but a considerable overlap between these three
measures has to be acknowledged. Debate remains on how
to define quality of care. For this study, we have attempted
to include all studies regarding quality of care in vascular
surgery during the study period. However, after a detailed
search of both databases, many, but not all, studies could
be included. Therefore, a uniform definition of quality of
care is mandatory to obtain an insight into research
regarding quality of care.Conclusion
In this study, we present a review of studies assessing
quality of care in vascular surgery. Many studies in vascular
surgery have been focussed on outcomes as indicators of
quality of care, but, due to the complex nature of treat-
ment of patients suffering from vascular disease with
multiple contributing factors, a shift towards optimisation
and assessment of structural and process measures should
be the focus of attention in the future.
Conflict of interest
None.
Funding
None.
References
1 Grover FL, Shroyer AL, Hammermeister K, et al. A decade’s
experience with quality improvement in cardiac surgery using
the veterans affairs and society of thoracic surgeons national
databases. Ann Surg 2001;234(4):464e72.
2 Shroyer AL, McDonald GO, Wagner BD, et al. Improving quality
of care in cardiac surgery: evaluating risk factors, processes of
care, structures of care, and outcomes. Semin Cardiothorac
Vasc Anesth 2008;12(3):140e52.3 Daley J. Criteria by which to evaluate risk-adjusted outcomes
programs incardiac surgery.AnnThoracSurg1994;58(6):1827e35.
4 Birkmeyer JD, Dimick JB, Birkmeyer NJ. Measuring the quality
of surgical care: structure, process, or outcomes? J Am Coll Surg
2004;198(4):626e32.
5 Fink AS, Itani KM, Campbell Jr DC. Assessing the quality of
surgical care. Surg Clin North Am 2007;87(4):837e52.
6 Veen MR, Lardenoye JW, Kastelein GW, Breslau PJ. Recording
and classification of complications in a surgical practice. Eur J
Surg 1999;165(5):421e4.
7 Rowell KS, Turrentine FE, Hutter MM, Khuri SF, Henderson WG.
Use of national surgical quality improvement program data as
a catalyst for quality improvement. J Am Coll Surg 2007;6:
1293e300.
8 Birkmeyer JD, Shahian DM, Dimick JB, et al. Blueprint for a new
American College of surgeons: national surgical quality
improvement program. J Am Coll Surg 2008;207(5):777e82.
9 Choi DS, rling III RC, Roddy SP, et al. Can the cost of distal
vascular reconstruction be reduced without sacrificing quality?
Analysis of 500 cases. Vasc Surg 2000;34(5):385e92.
10 Freeman AJ, Gallagher M, Gray-Weale A, Lippey E, Thursby P.
Surgical practice to reduce dialysis access insufficiency. ANZ J
Surg 2008;78(5):377e82.
11 Hutter MM, Lancaster RT, Henderson WG, et al. Comparison of
risk-adjusted 30-day postoperative mortality and morbidity in
department of veterans affairs hospitals and selected university
medical centers: vascular surgical operations in men. J Am Coll
Surg 2007;204(6):1115e26.
12 Johnson RG, Wittgen CM, Hutter MM, Henderson WG, Mosca C,
Khuri SF. Comparison of risk-adjusted 30-day postoperative
mortality and morbidity in department of veterans affairs
hospitals and selected university medical centers: vascular
surgical operations in women. J Am Coll Surg 2007;204(6):
1137e46.
13 Khuri SF, Henderson WG, Daley J, et al. The patient safety in
surgery study: background, study design, and patient pop-
ulations. J Am Coll Surg 2007;204(6):1089e102.
14 Klinkert P, Van Der Steenhoven TJ, Vrancken PMP, Breslau PJ.
Mortality after peripheral bypass surgery: value of a mortality
scoring system in evaluating the quality of care. Vasc 2004;12
(2):121e5.
15 Laukontaus SJ, Aho P-S, Pettila V, et al. Decrease of mortality of
ruptured abdominal aortic aneurysm after centralization and
in-hospital quality improvement of vascular service. Ann Vasc
Surg 2007;21(5):580e5.
16 McCollum PT, Gupta SK, Mantese VA, et al. Microcomputer
database and system of audit for the vascular surgeon. ANZ J
Surg 1990;60(7):519e23.
17 Neumayer L, Hosokawa P, Itani K, El-Tamer M, Henderson WG,
Khuri SF. Multivariable predictors of postoperative surgical site
infection after general and vascular surgery: results from the
patient safety in surgery study. J Am Coll Surg 2007;204(6):
1178e87.
18 Pomposelli JJ, Gupta SK, Zacharoulis DC, Landa R, Miller A,
Nanda R. Surgical complication outcome (SCOUT) score: a new
method to evaluate quality of care in vascular surgery. J Vasc
Surg 1997;25(6):1007e15.
19 Sandison AJP, Wood CH, Padayachee TS, Colchester ACF,
Taylor PR. Cost-effective carotid endarterectomy. Br J Surg
2000;87(3):323e7.
20 Schneider JR, Droste JS, Golan JF. Impact of carotid endarter-
ectomy critical pathway on surgical outcome and hospital stay.
Vasc Surg 1997;31(6):685e92.
21 Stoner MC, Abbott WM, Wong DR, et al. Defining the high-risk
patient for carotid endarterectomy: an analysis of the
prospective National Surgical Quality Improvement Program
database. J Vasc Surg 2006;43(2):285e96.
706 A.J. Ploeg et al.22 Sweeney AB, Flora HS, Chaloner EJ, Buckland J, Morrice C,
Barker SGE. Integrated care pathways for vascular surgery: an
analysis of the first 18 months. Postgrad Med J 2002;78(917):
175e7.
23 van Loonvan der MarkBeukers N, et al. Implementation of
a vascular access quality programme improves vascular access
care. Nephrol Dial Transplant 2007;22(6):1628e32.
24 Vrancken MP, Kappetein AP, Lardenoye JHP, Breslau PJ. The
value of a mortality-scoring system in the quality control of
patients undergoing abdominal aortic surgery. Eur J Vasc
Endovasc Surg 1999;18(6):523e6.
25 Wong JH, Lubkey TB, Suarez-Almazor ME, Findlay JM.
Improving the appropriateness of carotid endarterectomy:
results of a prospective city-wide study. Stroke 1999;30(1):
12e5.
26 Young EW, Dykstra DM, Goodkin DA, Mapes DL, Wolfe RA,
Held PJ. Hemodialysis vascular access preferences and
outcomes in the dialysis outcomes and practice patterns study
(DOPPS). Kidney Int 2002;61(6):2266e71.
27 Bush RL, Johnson ML, Hedayati N, Henderson WG, Lin PH,
Lumsden AB. Performance of endovascular aortic aneurysm
repair in high-risk patients: results from the veterans affairs
national surgical quality improvement program. J Vasc Surg
2007;45(2):227e35.
28 O’Hare AM, Feinglass J, Sidawy AN, et al. Impact of renal
insufficiency on short-term morbidity and mortality after lower
extremity revascularization: data from the department of
veterans affairs’ national surgical quality improvement
program. J Am Soc Nephrol 2003;14(5):1287e95.
29 Bastounis E, Filis K, Georgopoulos S, Klonaris C, Xeromeritis N,
Papalambros E. Current practice e routine use of shunting in
carotid endarterectomy. Cost reduction and surgical training.
Int Angiology 2001;20(3):218e24.
30 Bunt TJ. The role of a defined protocol for cardiac risk assess-
ment in decreasing perioperative myocardial infarction in
vascular surgery. J Vasc Surg 1992;15(4):626e34.
31 Cronenwett JL, Likosky DS, Russell MT, Eldrup-Jorgensen J,
Stanley AC, Nolan BW. A regional registry for quality assurance
and improvement: the vascular study group of Northern New
England (VSGNNE). J Vasc Surg 2007;46(6):1093e102.
32 Evans SM, Adam DJ, Murie JA, Jenkins AM, Ruckley CV,
Bradbury AW. Training in abdominal aortic aneurysm (AAA)
repair: 1987e1997. Eur J Vasc Endovasc Surg 1999;18(5):430e3.
33 Kaafarani HMA, Itani KMF, Petersen LA, Thornby J, Berger DH.
Does resident hours reduction have an impact on surgical
outcomes? J Surg Research 2005;126(2):167e71.
34 Loftus IM, McCarthy MJ, Pau H, et al. Carotid endarterectomy
without angiography does not compromise operative outcome.
Eur J Vasc Endovasc Surg 1998;16(6):489e93.
35 Naylor AR, Hayes PD, Allroggen H, et al. Reducing the risk of
carotid surgery: a 7-year audit of the role of monitoring and
quality control assessment. J Vasc Surg 2000;32(4):750e9.
36 Evans SM, Adam DJ, Bradbury AW. The influence of gender on
outcome after ruptured abdominal aortic aneurysm. J Vasc Surg
2000;32(2):258e62.
37 AhChong AK, Chiu KM, Wong MWC, Hui HK, Yip AWC. Diabetes
and the outcome of infrainguinal bypass for critical limb
ischaemia. ANZ J Surg 2004;74(3):129e33.
38 Axelrod DA, Upchurch J, DeMonner S, et al. Perioperative
cardiovascular risk stratification of patients with diabetes who
undergo elective major vascular surgery. J Vasc Surg 2002;35
(5):894e901.
39 Axelrod DA, Stanley JC, Upchurch J, et al. Risk for stroke after
elective noncarotid vascular surgery. J Vasc Surg 2004;39(1):
67e72.
40 Bayly PJM, Dobson JNS, Matthews PM, Price ML, Thomas DG. In-
hospital mortality from abdominal aortic surgery in GreatBritain and Ireland: vascular anaesthesia society audit. Br J Surg
2001;88(5):687e92.
41 Bergqvist D, Troeng T, Einarsson E, Elfstrom J, Norgren L.
Vascular surgical audit during a 5-year period. Eur J Vasc Surg
1994;8(4):472e7.
42 Bond R, Narayan SK, Rothwell PM, Warlow CP. Clinical and
radiographic risk factors for operative stroke and death in the
European Carotid Surgery Trial. Eur J Vasc Endovasc Surg 2002;
23(2):108e16.
43 Boult M, Babidge W, Anderson J, et al. Australian audit for the
endoluminal repair of abdominal aortic aneurysm: the first 12
months. ANZ J Surg 2002;72(3):190e5.
44 Boult M, Babidge W, Maddern G, Fitridge R. Endoluminal
repair of abdominal aortic aneurysm e contemporary
Australian experience. Eur J Vasc Endovasc Surg 2004;28(1):
36e40.
45 Boult M, Babidge W, Maddern G, Barnes M, Fitridge R.
Predictors of success following endovascular aneurysm
repair: mid-term results. Eur J Vasc Endovasc Surg 2006;31
(2):123e9.
46 Burns RJ, Willoughby JO. South Australian carotid endarterec-
tomy study. Med J Aust 1991;154(10):650e3.
47 Davies MJ, Murrell GC, Cronin KD, Meads AC, Dawson A.
Carotid endarterectomy under cervical plexus block e A
prospective clinical audit. Anaest Intens Care 1990;18(2):
219e23.
48 Dawson I, Sie RB, Van der Wall EE, Brand R, Van Bockel JH.
Vascular morbidity and mortality during long-term follow-up in
claudicants selected for peripheral bypass surgery. Eur J Vasc
Endovasc Surg 1998;16(4):292e300.
49 Debing E, Van Den BP. Does the type, number or combinations
of traditional cardiovascular risk factors affect early outcome
after carotid endarterectomy? Eur J Vasc Endovasc Surg 2006;31
(6):622e6.
50 Frawley JE, Hicks RG, Woodforth IJ. Risk factors for peri-oper-
ative stroke complicating carotid endarterectomy: selective
analysis of a prospective audit of 1000 consecutive operations.
ANZ J Surg 2000;70(1):52e6.
51 Golledge J, Parr A, Boult M, Maddern G, Fitridge R. The
outcome of endovascular repair of small abdominal aortic
aneurysms. Ann Surg 2007;245(2):326e33.
52 Hertzer NR, O’Hara PJ, Mascha EJ, Krajewski LP,
Sullivan TM, Beven EG. Early outcome assessment for 2228
consecutive carotid endarterectomy procedures: the Cleve-
land clinic experience from 1989 to 1995. J Vasc Surg 1997;
26(1):1e10.
53 Holdsworth RJ, McCollum PT. Results and resource implications
of treating end-stage limb ischaemia. Eur J Vasc Endovasc Surg
1997;13(2):164e73.
54 Hua HT, Cambria RP, Chuang SK, et al. Early outcomes of
endovascular versus open abdominal aortic aneurysm repair in
the national surgical quality improvement program-private
sector (NSQIP-PS). J Vasc Surg 2005;41(3):382e9.
55 Johnson ML, Bush RL, Collins TC, et al. Propensity score analysis
in observational studies: outcomes after abdominal aortic
aneurysm repair. Am J Surg 2006;192(3):336e43.
56 McCollum PT, Da SA, Ridler BDM, et al. Carotid endarterectomy
in the U.K. and Ireland: audit of 30-day outcome. Eur J Vasc
Endovasc Surg 1997;14(5):386e91.
57 Middleton S, Donnelly N, Ward J. Outcomes of carotid endar-
terectomy: how does the Australian state of New South Wales
compare with international benchmarks? J Vasc Surg 2002;36
(1):62e9.
58 Naylor AR, Hayes PD, Darke S. A prospective audit of complex
wound and graft infections in Great Britain and Ireland: the
emergence of MRSA. Eur J Vasc Endovasc Surg 2001;21(4):
289e94.
Assessing Quality of Care; by Which Parameter? 70759 Naylor AR, Payne D, London NJM, et al. Prosthetic patch
infection after carotid endarterectomy. Eur J Vasc Endovasc
Surg 2002;23(1):11e6.
60 Oliver SE, Dobson R. A regional collaborative audit of the
practice and outcome of carotid endarterectomy in the United
Kingdom. Eur J Vasc Endovasc Surg 2000;19(4):362e9.
61 Taylor SM, Robison JG, Langan III EM, Crane MM. The pitfalls of
establishing a statewide vascular registry: the South Carolina
experience. Am Surg 1999;65(6):513e9.
62 Thomson IA, Muduioa GK, Gray A. Vascular trauma in New
Zealand: an 11-year review of NZVASC, the New Zealand society
of vascular surgeons’ audit database. NZ Med J 2004;117(1201).
63 Vemuri C, Wainess RM, Dimick JB, et al. Effect of increasing
patient age on complication rates following intact abdominal
aortic aneurysm repair in the United States. J Surg Research
2004;118(1):26e31.
64 Virkkunen J, Heikkinen M, Lepantalo M, Metsanoja R, Salenius J-
P. Diabetes as an independent risk factor for earlypostoperative complications in critical limb ischemia. J Vasc
Surg 2004;40(4):761e7.
65 Mainz J. Defining and classifying clinical indicators for
quality improvement. Int J Qual Health Care 2003;15(6):
523e30.
66 Donabedian A. Evaluating the quality of medical care. Milbank
Q 2005;83(4):691e729. 1966.
67 Dimick JB, Upchurch Jr GR. Measuring and improving the quality
of care for abdominal aortic aneurysm surgery. Circulation
2008;117(19):2534e41.
68 Kroon HM, Breslau PJ, Lardenoye JW. Can the incidence of
unplanned reoperations be used as an indicator of quality of
care in surgery? Am J Med Qual 2007;22(3):198e202.
69 Schilling PL, Dimick JB, Birkmeyer JD. Prioritizing quality
improvement in general surgery. J Am Coll Surg 2008;207(5):
698e704.
70 Dimick JB, Welch HG. The zero mortality paradox in surgery.
J Am Coll Surg 2008;206(1):13e6.
